Gastroesophageal reflux disease (GERD) is common in chronic obstructive pulmonary disease (COPD) and is associated with COPD exacerbations. Since macrolides have prokinetic effects and consequently may decrease GERD, we hypothesized that azithromycin may decrease exacerbations by decreasing GERD. Methods: We conducted a retrospective review of data collected in a prospective, randomized, controlled trial of azithromycin for preventing COPD exacerbations. Participants were classified as having GERD on the basis of having a history of GERD or having a history or being treated for GERD. Results: We analyzed 1116 participants, 478 (43%) and 568 (51%) had GERD on the basis of history and history or treatment respectively. Individuals with GERD developed exacerbations sooner and more frequently, and were more likely to be hospitalized than those without GERD but the difference only reached significance when GERD was defined by history or treatment (P = 0.02, 0.02, and 0.03, respectively). Azithromycin reduced exacerbations regardless of the presence of GERD, but had a greater effect in those without GERD. Conclusions: GERD is associated with more frequent and severe COPD exacerbations. Azithromycin reduces COPD exacerbations regardless of the presence or absence of GERD but does so to a greater degree in individuals without GERD.
Introduction

Methods
The prevalence of gastroesophageal reflux disease (GERD) in COPD ranges from 19% to 54% when diagnosed by symptoms, and from 57% to 62% when diagnosed by 24-hour pH probe testing. [1] [2] [3] [4] [5] [6] In normal individuals, the prevalence of GERD ranges from < 5% to 20%. 7 Acid aspiration into the airway or esophagus causes bronchoconstriction 8,9 and both retrospective and prospective studies indicate that COPD patients with GERD have more acute exacerbations of COPD (AECOPDs) and worse outcomes than those without GERD.
3,5,6,10 One small, single-blind prospective randomized trial in COPD individuals who had symptoms of GERD found that proton pump inhibitors decreased the frequency of AECOPDs.
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We recently reported that azithromycin reduced AECOPD in COPD individuals who were at increased risk of having an AECOPD and attributed the benefit to the macrolide's anti-microbial and/or antiinflammatory effects.
12 However, azithromycin may potentially reduce exacerbations by decreasing GERD via its prokinetic effects and ability to decrease acid reflux.
13,14 Accordingly, the purpose of this study was to determine if azithromycin had a more pronounced effect in preventing AECOPDs in COPD individuals with or without GERD. the year prior to enrollment. Individuals were excluded if they had asthma, a resting heart rate > 100 beats/ minute, a corrected QT interval >450 milliseconds, used medications known to prolong the corrected QT interval or be associated with torsade de pointes (with the exception of amiodarone) or if they had hearing impairment documented by audiometric testing.
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Study Design GERD was defined by having a history of, or being treated for GERD. At the time of enrollment, participants were asked whether they had GERD or heartburn. Those responding yes to the question were considered to have GERD on the basis of history. A list of all medications was also recorded. Those taking proton pump inhibitors, histamine-2 receptor blockers and/or antacids were considered to have GERD on the basis of treatment. All other participants were considered to not have GERD. An exacerbation was defined as "a complex of respiratory symptoms (increased or new onset) of more than one of the following: cough, sputum, wheezing, dyspnea, or chest tightness lasting at least 3 days requiring treatment with antibiotics or systemic steroids."
12 The primary outcome was the time to first AECOPD. Secondary outcomes were the rates of AECOPDs, exacerbation-related office visits, emergency department visits, and hospitalizations.
Analysis
Categorical data were expressed as number and percentage. Continuous data were expressed as mean ± standard deviation. Univariate analysis of categorical and continuous data utilized the chi-square and t-test, respectively. Proportions free of exacerbations were taken from a life-table estimate and P values were calculated from the PHREG procedure . Event rates were determined by dividing the number of events by the person to years of follow-up. All event rates were compared using a zero-inflated negative binomial model with age, gender, current smoking, randomization to either azithromycin or placebo group, long term oxygen therapy, FEV 1 , hospitalization in previous year, and body mass index added as covariates. Time to the first AECOPD is reported as median and 95% confidence intervals. P < 0.05 was considered significant.
Study Participants
We performed a retrospective review of data collected prospectively in a randomized, controlled trial of azithromycin (250 mg, taken orally, once daily or a placebo added to the usual care of COPD) that was conducted over a one-year period.
12 All the participating institutions had approval by their respective institutional review boards. All participants provided written consent. Participants in the azithromycin study were at least 40 years old and had a diagnosis of COPD which was defined by a forced expiratory volume in 1 second (FEV 1 ) to forced vital capacity (FVC) ratio of <70% with an FEV 1 < 80% after bronchodilator use and at least a 10 pack-year smoking history. To enrich the population for individuals who were more likely to have AECOPDs, each participant had to either be using continuous supplemental oxygen or have received systemic glucocorticoids, visited an emergency department or been hospitalized for an AECOPD within
Results
The azithromycin trial enrolled 1117 individuals. One of these was excluded because the question regarding GERD was not answered leaving 1116 individuals in the present analysis. When defined by history, GERD was present in 478 participants (43%). When defined by history or treatment 568 participants had GERD (51%) (Figure 1 ). The demographics of the participants and their clinical characteristics at the time of enrollment are summarized in Table 1 . Regardless of which GERD definition was used, participants with GERD were more commonly women, had a greater body mass index and had slightly greater FEV 1 values ( Table 1) . Subsequent calculations of the various event rates included adjustments for the imbalances between groups in baseline variables. Findings regarding the effect of GERD and/or azithromycin on AECOPDs were generally the same regardless of the GERD definition used. When defined by history, GERD participants tended to have a shorter time to the first AECOPD and a higher rate of AECOPDs than participants without GERD, but the differences did not reach statistical significance (P=0.09 and 0.07, respectively; Figure 2A and Table 2A ). When defined by history or treatment, however, individuals with GERD had a shorter time to the first AECOPD and a higher rate of AECOPD (both P = 0.02; Figure 2B and Table 2B ).
Compared with individuals taking a placebo, those receiving azithromycin had longer time to the first AECOPD and lower rate of AECOPDs regardless of the presence or absence of GERD (Tables 2A and 2B; Figure 3A and 3B).
We found no differences in the frequency of office visits or home management or emergency department visits in individuals with or without GERD regardless of how GERD was defined (Table 3A and 3B ). However, individuals with GERD defined by history or treatment had a slightly but statistically significantly-greater frequency of hospitalization, regardless of whether they received azithromycin or not (Table 3B ). Individuals without GERD by both definitions who received azithromycin had reduced hospitalization rates compared to those given the placebo (Table 3A and Table 3B ).
We report that COPD participants with GERD had a shorter time to the first AECOPD, more frequent AECOPDs and more AECOPDrelated hospitalizations than participants without GERD, and that taking azithromycin daily for 1 year reduced AECOPDs in participants with or without GERD but was more effective in participants without GERD.
The 43% prevalence of GERD that we observed when defining GERD by history was higher than the 19%-27% reported by most others who defined GERD on the basis of questionnaires.
2,5,6 Rogha and colleagues 10 found a 66% prevalence of GERD defined by questionnaires but 85% of their participants were active smokers and smoking is known to reduce lower esophageal sphincter tone and increase GERD.
15,16 Only 20%-24% of our participants were active smokers. The fact that our study population was limited to individuals who had an increased likelihood of experiencing an AECOPD within the year of followup may account for the higher GERD prevalence that we observed. Our finding that participants with GERD had higher body mass indexes is consistent with Jacobson and colleagues, prevalence. Our finding that the presence of GERD was associated with a decreased time to first AECOPD and a higher rate of AECOPDs is consistent with several previous prospective and retrospective studies.
3,5,6,10 The observation that taking azithromycin reduced AECOPDs in patients with or without GERD suggests that the mechanism of benefit is more than the medication's effect on gastric motility or reflux.
Our study had a number of limitations. First, the definition that we used for GERD, although also used in a prospective study, is not ideal. In the absence of 24-hour esophageal pH monitoring we may have misclassified patients with or without GERD. However, an increased frequency of acid in the esophagus may not be an accurate reflection of GERD in individuals with COPD as it could be the result of the positive intra-abdominal pressure that is generated as a result of cough. We also observed that 11% and 4% of participants at baseline in the No GERD group were prescribed proton pump inhibitors (PPI) or histamine-2 receptor blockers, respectively. These individuals may not have been aware that they were prescribed these medications for a clinical diagnosis of GERD, the indication of therapy might not have been GERD or the PPI might have been prescribed inappropriately.
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We included a different definition of GERD, incorporating history or therapy, to provide an alternative analysis. Second, we do not have information on whether our participants had hiatal hernias; accordingly, we cannot determine if this had a differential effect on GERD and/or on the effect of azithromycin on AECOPDs. Third, although our findings were generally consistent regardless of how we defined GERD, the strength of the differences we observed between the groups defined by GERD symptoms or treatment varied. Fourth, a review of GERD treatment at 12 months showed that a small number of patients who were classified as having no GERD at baseline by both definitions may have received GERD treatment sometime within the one year study period. Fifth, while we found no differences in office visits or home management or in emergency department visits in participants who were taking azithromycin vs. placebo as a function of GERD, these were secondary endpoints in the original azithromycin study and, accordingly, the study was not adequately powered to allow us to conclude that no differences in these endpoints occurred. Sixth, whether a different azithromycin dosing frequency, once daily vs. twice daily, would have any effect on motility and reduction in GERD and COPD exacerbations cannot be determined with this study. Our study also had a number of strengths. First, we provided a robust analysis of exacerbations using 2 different endpoints: time to first exacerbation and rates of exacerbation. Second, we also assessed the frequency of hospitalization as a surrogate endpoint for the severity of AECOPD. Third, our data come from a large, prospective study of carefully characterized COPD individuals who were followed for the development of an AECOPD for a one-year period.
In summary, we confirmed that COPD participants with GERD have more frequent AECOPDs and are more commonly hospitalized for AECOPDs than participants without GERD. We also found that azithromycin decreased AECOPDs in COPD individuals with or without GERD, but that the effect was more pronounced in those without GERD. The prokinetic and anti-reflux effects of azithromycin are not likely explanations for its ability to decrease AECOPDs in COPD. We add to the growing body of evidence of the relationship between GERD and more frequent and severe COPD exacerbations.
In conclusion, COPD participants at risk for COPD exacerbations and with GERD had a shorter time to the first AECOPD, more frequent AECOPDs and more AECOPD-related hospitalizations than participants without GERD. In addition, taking azithromycin daily for one year reduced AECOPDs in participants with or without GERD but was more effective in participants without GERD.
